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Method for determining field strength 

The present invention relates to a method for 
determining field strength. 

In modern mobile radio systems, such as in the 
Bluetooth system, the frequency is spread, in addition 
to time duplexing, "TDD" , Time Division Duplex, by 
transmitting and receiving on different channels, which 
is also referred to as frequency hopping, FH. This does 
not involve transmitting and receiving in a constant 
physical channel, but rather the frequency of the 
transmission channel is changed after every timeslot in 
the data transmission. 

If some of these transmission channels contain spectral 
interference, then it is desirable not to use these 
channels for the frequency hopping method and instead 
to move to the remaining channels. Such interference 
may also be caused by virtue of the physical radio 
channel in question having already been engaged by 
another radio system. 

In adaptive frequency hopping (AFH) methods, the 
channels which are subject to interference or are 
already engaged are suppressed automatically. There are 
two approaches to doing this: 

In a first alternative, the mobile radio connection to 
be aligned, for example a Bluetooth connection, is 
influenced such that no interference is produced for 
another radio connection, such as a wireless local area 
network (WLAN) connection. 

In a second alternative, the radio connection to be 
aligned is altered such that possible interference by 
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another connection has as little unwanted interfering 
influence as possible. 

In the second case, this can be done using, by way of 
5 example, an assessment of the bit error rate or packet 
error rate on the channels. In the first case, by way 
of example, the reception field strength can be 
determined at times at which the radio connection to be 
aligned is not active, so as to obtain information 
10 about the use of these channels by another radio system 
or about the presence of other unwanted sources of 
channel interference. 

An adaptive frequency hopping method of the type 
15 outlined above, which, moreover, works in a time 
division multiplexing mode, involves transmission and 
reception only at particular times in " timeslots ■ . In 
this case, it is usual for reception slots and 
transmission slots to alternate. In principle, the 
20 periods, that is to say the length of the individual 
timeslots, are of the same length. However, in packet 
oriented transmission methods, which allow higher data 
rates, there may also be packets for which the 
reception or transmission period extends . over a 
25 plurality of slots. These are called multislot packets. 

To implement the first alternative, outlined above, of 
channel qualification, it is normally assumed that 
transmission or reception is not permanent, that is to 

3 0 say that data are not exclusively interchanged at the 
highest data rate, but rather that there are also 
timeslots which are unused for user data transmission. 
In this case, these timeslots for which it is known 
that no data interchange is intended to take place at 

35 this point could be used to determine the current field 
strength of the channel. However, this method has the 
drawback that the receiver in the radio system needs to 
be on at the times at which the field strength is 
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intended to be determined. Beforehand, it is 
additionally necessary to activate the reception-end 
frequency synthesizer, which also needs to have locked 
onto the currently active channel frequency at which 
5 the evaluation is to take place. In the case of a 
receiver with a homodyne architecture, the synthesizer 
needs to lock precisely onto the reception carrier 
frequency, and in the case of a heterodyne system, 
which operates at an intermediate frequency, or in the 

10 case of a "low IF system", in which the intermediate 
frequency is particularly low, the evaluation is 
naturally performed on a channel which is offset by the 
intermediate frequency . This additional locking of the 
reception-end synthesizers, normally implemented as a 

15 phase control arrangement, and the subsequent 
activation of the components required for determining 
field strength in the receiver results in a significant 
increase in the power consumption, however. This is a 
disadvantage particularly when, as is usual in modern 

20 radio systems, at least one remote station is in the 
form of a mobile appliance and is battery powered. 

If the field strength is supposed to be determined in 
this outlined manner even at a very high data rate, 
25 that is to say with practically exclusive utilization 
of all the available timeslots by user data, the data 
rate which can effectively be attained would be reduced 
with further disadvantage. 

30 To ensure the change between the physical frequencies 
from timeslot to timeslot in a frequency hopping 
method, it is usual to provide a predetermined period 
within each timeslot in which, when a data block's 
reception or transmission phase has taken place, the 

35 reception-end synthesizer can lock onto the new 
frequency which is desired for the subsequent timeslot. 
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It is an object of the present invention to specify a 
method for determining field strength which can be used 
in a mobile radio system which uses time division 
duplexing and a frequency hopping method and which has 
5 a relatively low power requirement without reducing the 
effective data rate which can be attained. 

The invention achieves the object by means of a method 
for determining field strength in a mobile radio system 
10 which has the following method steps: 

data are alternately transmitted and received in 
timeslots, where a timeslot comprises at least one 
time interval for transmitting or receiving a data 
block, and 

15 - the reception field strength is measured directly 
before or directly after transmission or reception 
of the data block. 

The method proposed makes use of the fact that the 
20 reception-end synthesizer in the mobile radio system 
has actually locked onto the new physical channel 
frequency directly before or directly after 
transmission or reception of a data block. In a 
receiver with a low IF architecture, the method can be 
25 carried out particularly easily if the synthesizer 
locks when offset by the intermediate frequency. This 
advantageously means that no additional power 
consumption is necessary, which would be required only 
in order for the synthesizer to lock for the purpose of 
30 measuring the reception field strength. 

The method described can preferably be used in a 
frequency hopping method, since the reception field 
strength can advantageously be detected on all the 
35 transmission channels used without additional power 
consumption and without reducing the effective data 
rate . 
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It is particularly advantageous to use the method 
described in adaptive frequency hopping methods. In 
this case, it is possible to measure, by way of 
example, the reception field strength currently present 
5 on each channel, and if said reception field strength 
exceeds a prescribable field strength threshold, for 
example, a subsequent transmission and reception mode 
can dispense with the use of this radio channel, at 
least for a prescribable period. It is thus possible to 
10 suppress physical radio channels which have already 
been engaged by other radio systems or are subject to 
interference otherwise in an adaptive frequency hopping 
method without an additional power requirement and 
without reducing the effective data rate. 

15 

The reception field strength is preferably measured 
directly before the start of transmission or reception 
of a data block in a timeslot and at the end, but still 
during a phase which is provided for a synthesizer to 

20 lock onto a new frequency in the mobile radio system. 
In this case, the field strength is measured at the end 
of a transient phase in a synthesizer in the receiver 
radio in the mobile radio system. This is possible 
without difficulty, since the "settling intervals" 

25 which are provided in the respective mobile radio 
standards for the purpose of locking onto a new 
frequency are normally proportioned to be much longer 
than the actual locking of a modern synthesizer, which 
is in the form of a PLL> Phase Locked Loop, for 

30 example, normally takes. 

With particular preference, the field strength 
determination currently in question can be used in 
Bluetooth systems, which use spreading of the frequency 
35 by means of an adaptive frequency hopping method. 

This is advantageous particularly since the Bluetooth 
system usually operates at carrier frequencies in a 
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band around 2.4 GHz , which is also used for wireless 
LAN (Local Area Network) applications, which means that 
other radio traffic can be expected to be present in 
this frequency band. 

5 

Overall, the principle proposed demonstrates a low 
complexity method for determining the field strength 
information, particularly for an adaptive frequency 
hopping method, in which the timeslots used for the 
10 normal data transmission can also be used without 
reducing the effective data rate and virtually without 
causing any additional power requirement through 
additional transient processes. 

15 Other details and advantageous refinements of the 
proposed principle are specified in the subclaims. 

The invention is explained in more detail below using 
exemplary embodiments with reference to the drawings, 
20 in which: 

shows an exemplary time sequence for 
transmission and reception timeslots in the 
Bluetooth system, which uses frequency 
hopping methods, and 

Figure 2 shows an exemplary radio in a mobile radio 
system with reception field strength 
measurement using a block diagram, in which 
30 the proposed method can be used. 

Figure 1 shows alternating reception and transmission 
timeslots at changing frequencies plotted against time. 
A first timeslot is characterized in that transmission 
35 takes place at the frequency f K . This transmission 
timeslot comprises an actual transmitted data block TX, 
a subsequent "GUARD" safety intermission and then a 
transient phase RS, which serves to allow a reception- 
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end radio frequency synthesizer to lock onto the 
frequency of the transmission channel f K +i in the 
subsequent timeslot . 

The second timeslot is a reception timeslot and 
operates at the transmission frequency fic+i/ which 
differs from the frequency of the first timeslot f K in 
line with a frequency hopping method. This second 
timeslot also comprises a data block, in the present 
case a received data block RX, then a safety 
intermission GUARD and finally a time interval for a 
transient phase TS for locking onto the frequency of a 
subsequent transmission timeslot which operates at yet 
another frequency f K +2 . The first and second timeslots 
at the frequencies f K , fic+i together form a frame. 

The third timeslot is again in the form of a 
transmission timeslot and again comprises a transmitted 
data block TX, a GUARD time and then a transient phase 
RS for a subsequent reception timeslot, but this is now 
not shown. The transient phase at the end of each 
timeslot to allow a PLL, Phase Locked Loop, or a 
synthesizer to lock onto a subsequent channel in the 
next timeslot is also called the settling time. .. 

Each transmitted and received data block RX, TX 
comprises, at the start, an "access code" with a 
subsequent header and finally the actual user data, the 
" pay load " . The access code and the header are used for 
transmitting protocol data, synchronization information 
etc. 

The method proposed involves determining the field 
strength of the respective channel at the frequency of 
the respective timeslot f K / fic+i/ fi<+2 in each case 
directly before or after the actual transmitted or 
received data block TX, RX. 
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Such field strength determination, is also referred to 
as measuring an RSSI (Received Signal Strength 
Indicator) signal. 

All in all, there are therefore four cases which arise 
for which, in line with the principle proposed, the 
reception field strength can respectively be measured, 
the letters A to D serving: as reference symbols for the 
respective point in Figure 1: 

A) directly before the received data block RX, that 
is to say at the end of the transient phase RS in 
the preceding transmission timeslot, 

B) directly before the transmitted data block TS, 
that is to say at the end of the transient phase 
TS in the preceding reception timeslot, 

C) directly after the received data block RX, that is 
to say at the start of the GUARD period in a 
reception timeslot, or 

D) directly after the transmitted data block TX, here 
also during and at the start of the "GUARD" period 
in the respective transmission timeslot . 

In cases B) and D) , that is to say in those cases in 
which the reception field strength is determined 
directly before or after the actual transmitted data 
block TX, the respective mobile radio is briefly 
changed over to the reception mode of operation, that 
is to say that some functional parts of the receiver 
which are required for the RSSI measurement may be 
turned on. However, this does not require the 
reception-end radio frequency synthesizer to lock onto 
a new frequency. In the case of a "direct conversion 
receiver" architecture, that is to say a homodyne 
direct conversion architecture, the RSSI information 
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for the respective channel f K , fK+i/ fic+2 on which the 
transmission mode is also intended to occur can then 
advantageously be evaluated. In the case of an 
architecture with an intermediate frequency/ that is to 
say in the case of a heterodyne receiver principle, the 
RSSI information is determined for a channel which is 
at a distance of the intermediate frequency, which is 
known, of course, away from the channel on which the 
transmission mode should occur. As a result, the 
synthesizer advantageously does not need to lock onto a 
new frequency again. By way of example, this is 
possible without any problem in a radio system which 
uses a combination of a time division multiple access 
(TDMA) method and frequency hopping spread spectrum 
(FHSS) technology. 

If the RSSI measurement comes directly before or after 
the actual transmitted data block TX, as envisaged in 
cases B) and D) , then the additional advantage is 
obtained that it is possible to be certain that no 
other subscriber is simultaneously transmitting in the 
jointly used radio network (Piconet, in the case of 
Bluetooth) and the currently ascertained RSSI signal 
power would then be detected, but rather, since the 
respective timeslot has been allocated for a dedicated 
purpose, in reality only the desired transmission power 
radiated by the foreign Piconet in the case of 
Bluetooth can be detected. 

Taking the RSSI measurement in case C) at the end of a 
received data block RX means that the respective radio 
receiver continues to remain activated after all of the 
user data bits have been received, and hence the 
reception field strength can be evaluated without any 
problem. 

In case D) , that is to say with RSSI measurement 
directly after a transmitted data block TX, the 
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transmission mode in the respective radio is changed to 
the reception mode. To this end, as already explained, 
the radio frequency synthesizer contained in the radio 
does not need to lock again. If appropriate/ analogue 
5 filters in the reception path may even be trimmed as 
well if necessary. An advantage of taking the 
measurement in line with alternative D) is that the 
current transmission phase TX is controlled by the 
measuring appliance itself, that is to say that the 
10 number of bits of information to be transmitted in the 
data block TX is likewise known, like any additional 
transmitted data in a "multislot packet mode". 

The measurement based on the proposed principle is 
15 taken, regardless of whether a heterodyne or a homodyne 
architecture principle is used, in a radio channel in 
which the principle proposed means that there is no 
transmission power corrupting the measurement through 
the dedicated connection. 

20 

The periods for the radio frequency synthesizer, the 
"PLL" (Phase Locked Loop) , to lock which are prescribed 
by specifications for mobile radio systems, such as 
Bluetooth, are normally proportioned such that a period 
25 for the brief evaluation of the field strength 
information, as proposed in cases A) and B) , is 
provided without any problem. 

Since field strength measurement does not require radio 
3 0 frequency synthesizers in the respective mobile radio 
system to lock again, the principle proposed can be 
implemented with a small power requirement. 

Since no unused timeslots, "blind slots", are used for 
35 the proposed reception field strength measurement and 
no special timeslots need to reserved for reception 
field strength measurement, the effective user data 
rate is advantageously not reduced with the proposed 
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method. Instead, previously unused time periods, such 
as the end of the transient phase TS, RS, or "GUARD" 
time intervals are used in order to listen into the 
frequency domain being used and hence to be able to 
5 suppress particular channels automatically when using 
an adaptive frequency hopping method, for example. 

Figure 2 shows, by way of example, a block diagram of a 
radio receiver with a heterodyne, that is to say a low 

10 IF, architecture, i.e. a "low IF receiver" . The low IF 
receiver has an antenna 1 which is routed to a radio 
frequency mixer 3 via a low noise preamplifier 2. A 
further input on the mixer 3 is connected to the output 
of a frequency synthesizer 4 which is respectively 

15 operated at a particular carrier frequency, so that the 
output of the mixer provides the modulation signal at 
an intermediate frequency IF carrier frequency. 
Connected to the output of the mixer 3 is, by way of 
example, a multistage limiting amplifier 5 whose output 

20 is routed to a baseband signal processing unit 8 via an 
analogue/digital converter 6 and a demodulator 7. A 
further output on the multistage limiting amplifier 5 
is designed to provide an RSSI (Received Signal 
Strength Indicator) signal and is connected to a block 

25 for determining and evaluating the reception field 
strength. 

In order to be able to output the modulation signal at 
an intermediate frequency IF at the output, the 

30 synthesizer 4 is always set straight to that carrier 
frequency which is shifted with respect to the received 
signal by the sum of the intermediate frequency. When a 
frequency hopping method is being used, it goes without 
saying that the synthesizer needs to lock onto a new 

35 frequency at the end of each timeslot, namely onto the 
new carrier frequency for the subsequent timeslot 1 s 
channel. This is done during the "transient phase" or 
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settling time RS, TS at the end of each timeslot for 
the subsequent timeslot. 

As already explained, the principle proposed is not 
limited to the illustrated architectural principle of a 
low IF conversion receiver, but rather can also be 
used, by way of example, for homodyne receivers and 
also for "direct conversion receivers". 
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List of reference symbols 



1 Antenna 

2 Low noise amplifier 
5 3 Mixer 

4 Synthesizer, PLL 

5 Limit er 

6 Analogue/digital converter 

7 Demodulator 

10 8 Baseband processing 

9 RSSI evaluation 

A RSSI before RX 

B RSSI before TX 

C RSSI after RX 

15 D RSSI after TX 

TS Transmission transient phase 

RS Reception transient phase 

GUARD Safety time window 

f K Channel 1 

20 f k+ i Channe 12 

f k+2 Channel 3 

TX Transmitted data block 

RX Received data block 



